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Signal transduction: Wnt signalling shows its versatility
Amy Bejsovec
Wnt signalling controls many different cell fate choices
in a wide variety of animal species. Recent studies have
revealed that regulatory interactions at several steps in
the pathway can modify its outcome, helping to explain
how the same pathway can, in different contexts, have
very different characteristics and consequences.
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Signalling between cells plays a major role in the elabora-
tion of cell types and tissues, triggering cell fate decisions
that are critical in development. A number of pathways
have been identified that appear time and again in differ-
ent contexts. One good example is the pathway that first
came to light with the identification of wingless mutant
fruitflies. The Drosophila Wingless protein is now known
to be the prototype of a family of signalling molecules that
are more generally known as ‘Wnts’ — a hybrid of Wing-
less and Int-1, the related product of a mammalian onco-
gene. Much has been learned in recent years about
Wingless/Wnt signalling, but new studies of the pathway
in Drosophila and the nematode Caenorhabditis elegans show
that the early picture of a linear signalling pathway was,
perhaps not surprisingly, overly simplistic. New inputs
and outputs have been discovered that help match the
workings of the pathway to the specific requirements of
the various different contexts in which it functions.
The central components of the Wingless/Wnt pathway
were ordered in a linear sequence on the basis primarily of
the epistatic relationships of their mutant phenotypes in
Drosophila (reviewed in [1]). This analysis, together with
biochemical studies of the components and their responses
to activation of the signalling pathway, produced the fol-
lowing picture. Activation of the pathway leads to stabiliza-
tion of a key downstream component known in Drosophila
as Armadillo; mammalian homologues of this component
are known as β catenin, a protein originally identified
through its interaction with the adhesion molecule cad-
herin. When sufficient Armadillo protein accumulates in
the cell, it forms a complex with dTCF, an HMG-box-con-
taining transcription factor. Armadillo provides the
complex with a transcriptional activation domain, so that it
can activate the expression of Wingless target genes.
In the absence of Wingless signalling, cytosolic levels of
Armadillo are kept low as a result of its targeted proteolysis.
The actual proteolysis is carried out by the proteasome, but
the regulation is effected at the level of the ubiquitination
that tags the protein for destruction. This targeting involves
a ‘destruction complex’, the regulation of which has a com-
plexity that is still being uncovered. One key component is
a serine/threonine kinase that is known in its Drosophila
guise as zeste white 3 (Zw3), or glycogen synthase kinase 3
(GSK3) in its vertebrate incarnation. Additional compo-
nents, such as Axin and APC, combine to regulate the
activity of GSK3/Zw3. When Wingless binds to its receptor,
Frizzled or its variant Dfrizzled2 (Dfz2), the activity of the
destruction complex is somehow antagonized to allow
stable accumulation of Armadillo and subsequent target
gene expression; this process requires Dishevelled, a
protein with a ‘PDZ’ domain — a common protein–protein
interaction module — that acts upstream of Zw3.
Studies of Wingless signalling in Drosophila have focussed
primarily on its roles in segmenting the embryo and in pat-
terning the imaginal discs that give rise to the adult body
parts. Wingless signalling controls two distinct aspects of
epidermal cell differentiation that are important in seg-
mentation: the secretion of naked cuticle by wingless-
expressing cells and their immediate neighbours, and the
production of diverse denticle types by rows of cells
furthest from the wingless-expressing cells in each segment
(Figure 1). The selection of the naked-cuticle cell fate
choice has recently been found to depend on downregula-
tion of ovo/shaven baby expression by Wingless signalling
above a high threshold level [2]. Thus, ovo/shaven baby is
normally expressed only in those cells that will give rise to
denticles, but in the absence of Wingless activity it is
expressed uniformly across the segment. Conversely,
mutations that disrupt ovo/shaven baby function result in
excess naked cuticle formation, a phenotype similar to
that caused by hyperactivity of the Wingless pathway.
Indeed, mimicking Wingless pathway hyperactivity by
expressing an indestructible form of Armadillo was found
to repress ovo/shaven baby expression. 
These results suggest that the Armadillo–dTCF complex
can repress ovo/shaven baby gene expression, thereby speci-
fying the naked cuticle cell fate. Thus, ovo/shaven baby is a
newly identified target of Wingless pathway activity, but
rather than being transcriptionally activated — as in the
case of the previously identified Wingless target gene
engrailed — it is repressed. The mechanism by which
Armadillo–dTCF mediates transcriptional repression is not
clear, though it is known that dTCF can act as a repressor
by interacting with the ‘corepressor’ Groucho [3]. Perhaps
some as yet unknown corepressor is able to interact with
dTCF in the presence of Armadillo and switch the
complex from being an activator to being a repressor.
Work in other systems — with a nomenclature shift from
Wingless and Armadillo to Wnt and β catenin — has
shown that β catenin–TCF activity can also be modified
by phosphorylation. Two kinases have recently been
implicated in Wnt pathway regulation in C. elegans and
vertebrates. The C. elegans mom-4 and lit-1 genes encode
homologues of mammalian mitogen activated protein
(MAP) kinase pathway components: transforming growth
factor β-activated kinase (TAK1) and NEMO-like kinase
(NLK), respectively [4]. TAK1 appears to act upstream of
NLK, activating it so that it can phosphorylate members
of the TCF family [5]. Phosphorylation alters the DNA-
binding properties of the β catenin–TCF complex and
thereby blocks Wnt target gene activation. Input from the
MAP kinase pathway can thus negatively regulate the
Wnt pathway in mammalian cells. Curiously, in C. elegans
input from the MAP kinase pathway has the opposite
effect, positively regulating Wnt pathway activity. Muta-
tions that disrupt mom-4 or lit-1 function cause phenotypes
similar to, but more severe than, those observed upon loss
of the C. elegans Wnt known as Mom-2.
At the four-cell stage of C. elegans embryogenesis, the
EMS blastomere receives a Wnt signal from the adjacent
P2 blastomere (Figure 2a). This signalling polarizes the
EMS cell, important for its asymmetric division that gen-
erates daughter cells with different developmental fates:
MS, the anterior daughter (the furthest from P2), gives
rise to mesodermal cell types, whereas the posterior
daughter, E, produces the endodermal lineage. In the
absence of P2 signalling, the EMS division is symmetric
and both daughters have mesodermal progeny. Many
components of the C. elegans Wnt pathway were identified
by the way loss-of-function mutations in their genes
produce this symmetric division and consequent Mom —
‘more mesoderm’ — phenotype (reviewed in [1]). The
effect of this Wnt signalling is — in contrast to Wingless
signalling in the fly — to downregulate an HMG-domain
protein, Pop-1, in the E cell. Furthermore, downregula-
tion of this TCF-like transcription factor depends on
activity of a β catenin homologue known as Wrm-1. 
These results suggest that the β catenin–TCF interaction
is fundamentally different in worms, on the one hand,
and flies and vertebrates, on the other. The key to this
difference may lie in the input from the MAP kinase
pathway. Wrm-1/β catenin has been shown to bind to and
activate Lit-1/NLK kinase, which then phosphorylates
Pop-1/TCF [6]. Pop-1 is normally found in the nucleus,
but when Lit-1 and Wrm-1 together are coexpressed with
Pop-1 in vertebrate cells, they cause the accumulation of
Pop-1 in the cytoplasm. This altered subcellular distribu-
tion, apparently the result of reduced import of Pop-1
into the nucleus, could explain the apparent downregula-
tion of Pop-1 levels in the E cell. Thus, the result of Wnt
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Figure 1
(a) Wingless signalling in one segment of the
Drosophila embryonic epidermis. (b) Cellular
events in the absence (left) and presence
(right) of Wingless signalling. Wg, Wingless;
En, Engrailed; Arm, Armadillo; Dsh,
Dishevelled; Gro, Groucho; svb, shavenbaby.
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signalling in the worm may still be stabilization of the
β catenin homologue, Wrm-1, but in this case, that stabi-
lization leads — via Lit-1 and a phosphorylation-induced
intracellular redistribution of the protein — to downregu-
lation of the TCF homologue Pop-1 (Figure 2b).
The C. elegans GSK3 homologue also appears to differ
from its fly and vertebrate counterparts. Whereas fly Zw3
and mammalian GSK3 negatively regulate the pathway by
contributing to the degradation of Armadillo/β catenin, the
worm GSK3 appears to act positively in the P2 signalling
event [7]. Moreover, the Wnt pathway branches at this
point in C. elegans. The asymmetric division of the EMS
blastomere correlates with rotation of the mitotic spindle
from a left–right to an anterior–posterior orientation.
Contact with the P2 blastomere is required for this
rotation, as are some, but importantly not all, of the known
Wnt pathway components. For instance, GSK3 and Mom-
5, a Frizzled homologue, are required for proper spindle
orientation, whereas Wrm-1 and Pop-1 are not. These
gene products are all required for endodermal induction,
so spindle rotation and subsequent E cell fate specifica-
tion are genetically separable. 
A further difference between these two consequences of
Wnt signalling is that gene transcription is not required for
P2-induced rotation of the mitotic spindle. This indicates
that the link between upstream components of the Wnt
pathway and the cytoskeleton of the responding cell may
be fairly direct. Curiously, the C.elegans Wnt Mom-2 is not
required for spindle rotation, even though the rotation
does depend on activity of Mom-1, a homologue of
Drosophila Porcupine — a protein of the endoplasmic
reticulum that is required for proper export of Wingless
from the cell [8]. This suggests that other Wnt molecules
may be involved in the P2 signalling event. The existence
of such alternative signalling molecules may also explain
why the mom-2 mutant phenotype is weaker than that of
lit-1, mom-4 and wrm-1 mutants.
There are yet further twists to this tale. Wnt signalling
molecules alone are not sufficient to trigger activation of
the pathway — a proteoglycan cofactor is required for
efficient signal transduction. Thus, mutations in
Drosophila that disrupt heparan sulfate biosynthesis were
found to block Wingless signalling activity and produce
pattern defects identical to loss of function wingless
mutations (reviewed in [1]). A major target of these
biosynthetic enzymes appears to be Dally, the protein
core of glycosylphosphatidylinositol (GPI)-linked proteo-
glycan that is homologous to vertebrate glypicans [9,10].
Mutations in dally were found to block the activity of the
Frizzled family member Dfz2 in the wing imaginal disc,
and expression of the artificially indestructible form of
Armadillo rescued dally-associated wing defects. Further-
more, overexpression of wild-type Dally potentiated
Wingless signalling and partially rescued a loss-of-function
wingless phenotype. These observations suggest that Dally
Figure 2
(a) Wnt signalling from P2 to EMS in the
early C. elegans embryo. (b) Cellular events
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may form a complex with receptors of the Frizzled class and
increase their binding affinities for Wingless (Figure 1b).
Recent discoveries have thus substantially broadened our
view of the Wingless/Wnt pathway. Input into pathway
activation requires an extracellular proteoglycan corecep-
tor, and intracellular events can be modified by crosstalk
with other pathways, such as the MAP kinase cascade.
The outputs of pathway activity are also variable, encom-
passing both activation and repression of distinct target
genes and can in some cases bypass gene expression com-
pletely to directly influence cytoarchitecture. Understand-
ing the mechanistic basis of this flexibility will reveal the
rules that control Wnt pathway activity and the means by
which it regulates a diverse array of cellular responses.
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If you’re producing great photomicrographs, and
you’d like the chance to have them featured in
Current Biology, look out for more details of the
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forthcoming issues.
